Abstract Revalorization of the winery industry residue, grape seed is studied for the production of an oil and defatted meal with nutraceutical properties. Conventional grape seed oil extraction process is carried out by pressing at high temperature affecting the product quality. Oil extraction by cold pressing improves product quality, but it gives a low oil yield. Oil extracted is increased at the pressing stage, when an enzymatic pre-treatment is incorporated in to the conventional process. The yield is determined by determining the residual oil in the pressed cake. Using an enzymatic treatment during 9 hours at 45 C and 50% of moisture, with a mixture of two commercial enzymes grape seed oil extraction yield by cold pressing is raised up to 72%, being a 59.4% increment in comparison to the yield obtained by the control, without enzymes. The defatted meal by enzimatic assisted process improves its phenolic compounds between 2 and 4 times, depending on the conditions of phenolics extraction in comparison to the control samples.
Introduction
The Chilean wine industry, produces great solid residual amounts as escobajo, pomace, flock and seeds of grape in about 3, 8, 3 and 3% of total grape, respectively. Destiny of these wastes is ground improvement, mainly.
Grape seeds residues are used like fuel for boilers. An alternative of grape seed revaluation is extraction of its oil, which is an attractive edible or cosmetic product. This process generates a side product, defatted meal commonly known as "Vitis vinifera extract", which contains different types of flavonoids. Anthocyanidin, is the most important active principle at pharmaceutical level (Bombardelli and Morazzani, 1995, Bagchi et al., 2000) .
Grape seed flavonoids are relevant in human health, due to their antioxidative, anticarcinogenic, antimicrobial and antiallergic properties, as well as being a retarder of ageing (Hernández and Prieto, 1999) . The extraction of antioxidants compounds would allow to obtain a high-value product for pharmaceutical, cosmetic and nutritional industries.
The aim of this work is to revalue the wine industry residues, grape seeds, obtaining oil and defatted meal with nutraceutics properties.
At industrial level, oil extraction is carried out by hot mechanical expelled or solvent processes. Both techniques produce a great extraction yield. But, high processing temperature affect the oil and residual meal quality. Cold pressing extraction is a mild process, which allows us to obtain a good quality oil and to maintain antioxidant capacity of the meal extract. However, it has a low extraction yield. An enzymatic treatment prior to extractive process is an alternative to increasing the oil extraction yield.
Enzymes degrade the wall structure of vegetable cells, allowing a better oil release from the inside of the cells. Guerra and Zúñiga (2003) showed an increment of Vitis vinifera oil extraction yield by cold pressing when hydrolytic enzymes were incorporated in the extractive process.
This work analyzes enzymatic hydrolysis of crushed grape seeds as treatment previous to cold pressing extraction, including the effect of conditions as temperature and moisture on oil yield, the effect of pressing conditions as well as the effect of enzymatic treatment on antioxidant compounds extraction.
Methods Materials
Enzymes. An enzyme mixture was prepared using the commercial enzymes, Ultrazym-Celluclast in 3 : 1 (weight/weight basis) ratio. Both enzymatic preparations were supplied by Novozymes A/S, Madrid, Spain.
Seeds. Vitis vinifera seeds were supplied by Trio S.A., Santiago, Chile. Proximal composition of the seeds is shown in Figure 1 .
Analytical methods. For oil extraction studies, oil content and moisture samples determination were done as previously reported (Guerra and Zúñiga, 2003) . For all the experiments of enzymatic treatment, soluble sugar content of the treated meal was determined, to quantify the enzymatic action, it was done by DNS procedure according to Miller (1957) . Phenolic compounds content of defatted meals was evaluated. Total phenolic content was measured at 765 nm by the Folin-Ciocalteau method, using catequine as standard (Singleton and Rossi, 1965) .
Experimental procedure. Enzyme assisted process of grape seed oil extraction was explained in a previous report (Guerra and Zúñiga, 2003) .
Enzyme treatment conditions. Enzymatic treatment on grape seeds was done using a 2% (weight/ weight basis) enzyme/ substrate ratio of Ultrazym-Celluclast (3 : 1) enzyme mixture during 9 hours. The effect of temperature and moisture during the treatment on oil extraction yield and soluble sugars released were evaluated. Hydrolysis temperature was evaluated in the range 35-55 C, and moisture effect was analyzed in a range 20-60%. In all the experiments, water was added instead of enzyme solution in control samples.
The effect of the enzymatic treatment on the pressing stage was evaluated for operating pressures between 39.2 MPa to 58.8 MPa. using an hydraulic laboratory press (Carver Press, Wabash, IN). Single and double pressing were studied, in the latter treated and control samples were pressed during 20 minutes. Then, residual cakes were crushed and a second pressing of the meal was carried out. Additionally, a heating of the samples at 100 C during 15 minutes was done previous to the pressing stage.
Results and discussion
The effect of incubation temperature is shown in Figure 2 . As is observed there is a dependency between oil extraction yield and enzymatic treatment. Similar results occur at 35 and 45 C, with a oil yield about 38%. However, at 55 C the oil extraction decreases until 34%. Soluble sugars content decrease too. These results can be a consequence of thermal inactivation of the enzymes. In Figure 3 it is possible to observe that oil recovery depends on the hydrolysis moisture. High hydrolysis moisture produces an oil yield increment and a greater quantity of soluble sugars in residual meal. The best result, a 41.9% oil recovery, was obtained for 50% of moisture. For moisture conditions higher than 50% the oil extraction diminishes. The latter is due to the consecutive drying stage where the samples are heating, affecting their oil expelled.
The effect of enzymatic hydrolysis of grape seeds on pressing conditions is displayed in Figure 4 . Oil extraction yield is favoured with a second pressing of the sample, obtained a 54.9% for a double pressing of the enzymatic treated samples in comparison to 49.8% for single pressing and about 30% for control samples. This result is a consequence of a seed arrangement, which allowed a release of oil from vegetable cells that not has been affected by the previous pressure. 
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Soluble sugars Figure 2 Effect of temperature during enzymatic hydrolysis on Vitis vinifera seeds oil extraction by cold pressing, and soluble sugars production. Hydrolysis conditions: Ultrazym -Celluclast (3 : 1); 2% E/S ratio; 30% of moisture; 9 hours of incubation An increment of oil extraction was appreciated when the pre-heating of the meals was done. A 59.4% of oil extraction enhancement is obtained when treated and control samples both pressed twice with a pre-heated of the meal are compared.
The effect of enzymatic hydrolysis of grape seeds on the extraction of phenolic compounds was studied. These compounds were removed with methanol, using a solid liquid relation of 20. The effect of temperature and the extraction time on the extraction of antioxidants compounds of the defatted meal without enzymatic treatment is shown in Figure 5 . The global tendency is to increase the extraction yields with temperature and time of operation. The effect of temperature and the extraction time of phenolic compounds of the defatted meal which was previously enzymatic treated, is shown in Figure 6 . It is observed that the extraction is favoured with the use of enzymes, obtaining values that duplicate the obtained ones in the extraction of meals without enzymatic treatment. The increment of phenolic compounds extraction could be explained by phenol components presence in cellular walls polysaccharides of vegetal cells, and the enzymatic degradation of cellular wall polysaccharides have an important role in oil release, phenolic compounds solubilization, and also facilitating the solvent access into the inner cell wall layers to extracted them. 
